Abstract: Currently there is no global agreement as to how extensively a radical prostatectomy specimen should be sectioned and histologically examined. We analyzed the ability of different methods of partial sampling in detecting positive margin (PM) and extraprostatic extension (EPE)-2 pathologic features of prostate cancer that are most easily missed by partial sampling of the prostate. Radical prostatectomy specimens from 617 patients treated with open radical prostatectomy between 1992 and 2011 were analyzed. Examination of the entirely submitted prostate detected only PM in 370 (60%), only EPE in 100 (16%), and both in 147 (24%) specimens. We determined whether these pathologic features would have been diagnosed had the examination of the specimen been limited only to alternate sections (method 1), alternate sections representing the posterior aspect of the gland in addition to one of the midanterior aspects (method 2), and every section representing the posterior aspect of the gland in addition to one of the midanterior aspects, supplemented by the remaining ipsilateral anterior sections if a sizeable tumor is seen (method 3). Methods 1 and 2 missed 13% and 21% of PMs and 28% and 47% of EPEs, respectively. Method 3 demonstrated better results missing only 5% of PMs and 7% of EPEs. Partial sampling techniques missed slightly more PMs and EPEs in patients with low-risk to intermediate-risk prostate cancer, although even in high-risk cases none of the methods detected all of the studied aggressive pathologic features.
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Key Words: extraprostatic extension, partial embedding, positive margin, prostate cancer, radical prostatectomy (Am J Surg Pathol 2013;37:219-225) R adical prostatectomy is the most widely used treatment for prostate cancer, with approximately 40% to 50% of newly diagnosed men selecting this treatment modality. 1 The prognosis after a radical prostatectomy is strongly dependent on the tumor characteristics revealed by the pathologic examination. For instance, the risk of recurrence is significantly increased if the cancer is not confined to the gland and/or to the surgical specimen. 2 Depending on the presence of these and other aggressive features, such as grade and tumor volume, the clinician can assess the likelihood of a recurrence and consider additional therapy. 3 Therefore, the accuracy of the pathologic findings has important patient-care implications.
Most of the current patients with prostate cancer have a relatively small volume of disease, which is not macroscopically identifiable. For this reason a systematic technique for radical prostatectomy specimen sampling is required to derive appropriate prognostic parameters. Surprisingly there is no agreement as to how much of a radical prostatectomy specimen should be histologically examined. 4 Although analysis of the entire gland would allow for the most thorough analysis, processing a completely sampled specimen requires more resources compared with partial sampling. Several studies have suggested that a systematic partial sampling can provide almost as much information as total submission. [5] [6] [7] However, these studies included a limited number of patients, and it is not well established whether any of the recommended methods of partial sampling is superior to others. To address this we analyzed the ability of different methods to detect positive margins (PMs) and extraprostatic extensions (EPEs)-2 pathologic features of prostate cancer that are most easily missed by partial sampling of the surgical specimen.
MATERIALS AND METHODS

Patient Population
Between 1992 and 2011, 1981 patients underwent open retropubic radical prostatectomy by 1 surgeon (M.S.S.). All specimens were uniformly processed and entirely submitted (see below). Of these patients, 775 had either PM or EPE or both. Patients were excluded if they had received preoperative radiation or neoadjuvant hormonal therapy (n = 111), or if the information about the slides containing PM or EPE was not available (n = 47). The remaining 617 patients formed the study cohort. The study was approved by the institutional review board of University of Miami.
Pathologic Examination
The radical prostatectomy specimens were weighed, measured, marked with ink, and fixed in zinc formalin overnight. A 2 to 3 mm apical margin was obtained from the most distal part of the prostate. The bladder neck was also removed as a thin margin. Both were sliced sagittally (cone method). The remaining prostate was step-sectioned at 3 to 4 mm intervals in transverse planes into separate blocks according to the Stanford protocol. 8 The blocks were examined as quarter mounts from which histologic maps were constructed. Outlines of each cancer area were drawn on the slides under the microscope and copied to paper diagrams for prostate sectioning. PM was defined as tumor cells present at the inked margin, whereas EPE was defined as the extension of the tumor cells beyond the prostatic capsule into the periprostatic adipose tissue. For this study, all slides recorded as containing a PM or EPE were reexamined by a single pathologist (L.P.).
Statistical Analysis
We retrospectively analyzed the potential findings of 3 methods of partial sampling of prostatectomy specimens in the studied cohort of patients. To that end, for every patient we determined whether PM or EPE would have been diagnosed had the examination of the specimen been limited only to the slides included in each of the 3 studied methods of partial sampling (Fig. 1) . This was initially done in the entire cohort. The following additional analyses were also performed: 1. Pathologic characteristics of prostate cancer have changed considerably over the last 2 decades, 9 and findings in a cohort of men who had surgery over this time period may not be directly applicable to contemporary radical prostatectomy patients. To investigate whether the year of surgery affected the performance of different methods of partial sampling we separately analyzed patients who were operated on before 2000 and in the period from 2000 to 2011. 10 2. Larger PM and EPE, characteristic of patients with more aggressive disease, may be less likely to be missed by partial sampling. Therefore, we repeated all analyses in patients stratified into preoperative risk groups according to the classification proposed by D'Amico et al. 11 3. Apical margins are included in each of the studied partial sampling protocols and therefore could not be missed. However, the prognostic significance of this PM location was suggested to be inferior to that of other locations. Some studies suggest that apical PMs do not increase the risk of biochemical recurrence as much as other locations. [12] [13] [14] Therefore, to study the effect of partial sampling on the detection of potentially more clinically important PMs, we calculated the number of missed nonapical PM cases. The rates of PMs and EPEs missed by the studied partial sampling technique in different subgroups of patients were compared using the Pearson w 2 test. Stata version 11.0 (College Station, TX) was used for all data analyses.
RESULTS
Of the 617 assessable patients, 370 (60%) had only PM, 100 (16%) had only EPE, and 147 (24%) had both PM and EPE. Table 1 lists the patient characteristics.
Figures 2A and B illustrate the prevalence of PMs and EPEs at different locations. The apex was the most common location of PMs. The frequency of PMs decreased along the urethral axis from almost 30% at the distal apex to <10% at the base. This decrease primarily resulted from the change in the prevalence of anterior PMs, which were much more common in the apical third of the gland, whereas the frequency of posterior PMs was similar at different levels. In contrast, the prevalence of EPE was much higher in the mid and basal thirds of the prostate than in the apical third. Most of the EPEs were located in the posterior gland. Both PMs and EPEs were rarely detected simultaneously in the anterior and posterior parts of the prostate at the same level.
The partial sampling methods would have required examination of considerably fewer prostate slides (Table 2) , but this would have resulted in missing a substantial numbers of PMs and EPEs (Fig. 3) . For instance, the number of patients from the entire cohort in whom neither PM nor EPE would have been found was 81 (13%), 144 (23%), and 25 (4%) for methods 1, 2, and 3, respectively. The number of PMs missed by the studied methods ranged from 107 (21%) for method 2 to 28 (5%) for method 3. EPEs were much more likely to be missed by partial sampling, particularly if it included examination of alternate posterior slides. For example, methods 1 and 2 would have missed almost 30% and 50% of cases of EPE, respectively.
The rates of the studied aggressive pathologic features missed by different methods of partial sampling were similar in patients operated on before 2000 and in the period from 2000 to 2011 (data not shown). The probability of missing PMs and EPEs in men with high preoperative risk tended to be lower than that in patients with low-risk to intermediate-risk prostate cancer, although the differences were not statistically significant for most pairs of comparison (Figs. 4A-C) . Finally, in a subgroup of 353 patients with at least 1 nonapical PM, 100 (28%), 108 (31%), and 51 (14%) specimens would have been considered margin negative or would have had only apical PM if methods 1, 2, and 3, respectively, had been used.
DISCUSSION
Although currently there is no consensus on the optimal method of prostatectomy specimen processing, more centers seem to rely on total sampling. For instance, in 1994, only 12% of the surveyed members of American Society of Clinical Pathologists processed the entire radical prostatectomy specimen 15 ; in 2009, 48% of North American responders to an International Society of Urological Pathology survey reported using total sampling routinely. 16 Although the latter society consists primarily of urological pathologists who are more likely to submit the entire prostate for research purposes, this difference may reflect a change in practice over time. Interestingly, total embedding seems to be much more common in other parts of the world. Of the responders to the aforementioned International Society of Urological Pathology survey who were from outside North America, 78% reported using this method. Although the results of a survey may indicate what the pathologists thought was the "correct" method rather than the reality in their institution, the increase in the use of total sampling may have resulted from an appreciation of the significant changes in the characteristics of prostate cancer that took place after the introduction of prostatespecific antigen screening and systematic needle biopsies. Most contemporary patients have relatively small-volume prostate cancer, which consists of several foci, and accurate description of all tumor characteristics requires examination of different areas of the prostate. However, there is a lack of evidence for or against the use of particular sampling methods obtained from well-constructed, sufficiently powered studies.
In the current study we validated and compared the performance of several methods of partial sampling in detecting PMs and EPEs in a relatively large cohort of patients all of whom had at least 1 of these adverse pathologic features. None of the studied methods of partial sampling detected all PMs and EPEs, but the proportion of cases missed by different techniques varied considerably. Methods 1 and 2, which were based on examination of alternate slides, missed from 13% to 21% of PMs and from 28% to 47% of EPEs. In contrast, method 3, which included examination of all posterior slides along with 1 mid-anterior section, and, in case a sizeable tumor was found in the latter, the rest of the contralateral anterior slides, missed only 5% of PMs and 7% of EPEs. The reasons for the poor performance of methods 1 and 2 and relatively good performance of method 3 become clear when one considers the distribution of the PMs and EPEs at different prostate sections (Figs. 2A, B) . Most of the cases of both studied pathologic features were found on the posterior surface of the prostate, with PMs being more common in the apical part of the gland and EPE in the basal part. Thus, exclusion of any of the posterior slides inevitably results in missing FIGURE 1. Schematic representation of the studied methods of partial sampling as compared with complete sampling of the prostatectomy specimen. Method 1-alternate sections; method 2-alternate sections representing the posterior aspect of the gland in addition to one of the mid-anterior aspects; method 3-every section representing the posterior aspect of the gland in addition to one of the mid-anterior aspects, supplemented by remaining ipsilateral anterior sections if a sizeable tumor is seen. some of these features. In contrast, with the exception of the relatively high rate of PMs in the apical third of the prostate, only a few PMs and EPEs were detected in the anterior slides. In many patients anterior PMs and EPEs were successfully detected by method 3, as these tumors often involved mid-anterior slides.
The partial sampling technique, which we called method 3, was originally described by Sehdev et al 6 in a study that included 78 entirely submitted prostatectomy specimens. The authors compared the ability of 9 partial sampling methods to detect Gleason score Z7, PM, and EPE, and this technique demonstrated the best results and detected almost all of the cases of PMs and EPEs. The current study essentially validated the high sensitivity of this technique in a much larger cohort of prostatectomy patients.
As there was a profound change in the characteristics of prostate cancer over the period of time our cohort was recruited, we analyzed patients in 2 groups, on the basis of the date of surgery, to determine whether our findings in the entire cohort were applicable to a contemporary radical prostatectomy patient. Overall, the results of all studied methods of partial sampling in more recent patients were similar to those in the entire cohort, suggesting that the limitations or partial sampling are relevant for current patients. We also tried to identify a group in which partial sampling may be more effective by separately analyzing patients with different preoperative risks. In particular, we hypothesized that the negative consequences of partial sampling may be less pronounced in patients with high-risk disease, because the PMs and EPEs in these patients are more likely to extend over larger areas of the prostate or specimen surface and therefore are less likely to be missed when fewer slides are examined. However, although the proportion of missed PMs and EPEs was slightly lower in patients with high-risk prostate cancer, findings of none of the studied methods demonstrated full conformity with those of total sampling. Our findings may have important implications for research on the outcomes in the area of surgical treatment of prostate cancer. The demonstrated differences in the detection of PMs and EPEs between total and partial sampling techniques indicate that information about the methods of specimen handling is essential to the understanding of comparative characteristics of disease in different patient groups. For example, the method of prostate sampling should be taken into account when a prognostic tool (eg, a nomogram) is tested in different patient populations. The difference in the methods of prostate processing between the original and validation cohorts potentially results in variations in the detection of PMs and EPEs and may lead to a deterioration of the calculated predictive performance of the tool. However, this remains speculative and needs further empirical validation in studies examining the prognostic implications of the PMs and EPEs missed by partial sampling techniques.
Although the results of earlier studies may seem to differ from ours, a careful examination of their findings demonstrates that in most cases they are quite similar (Table 3) . 18 For example, the study of Hall et al 17 was conducted on patients who were diagnosed in the preprostate-specific antigen era and included only cases with grossly identifiable tumors. This group most likely included patients with what would have been called highrisk disease, and indeed the rates of missed PMs and EPEs in this study are similar to those in our patients with high-risk prostate cancer. The only earlier study with results that were remarkably different from ours is that of Vainer et al. 5 In this analysis the alternate sections method detected >95% of both PMs and EPEs. This discrepancy may have resulted from some differences in processing technique. For instance, whereas we obtained a 2 to 3 mm apical margin and thin bladder neck margin, the technique of Vainer and colleagues included apical and basal sections of 5 to 10 mm. These sections may have allowed the authors to better study corresponding areas of the gland that frequently contain PMs and EPEs, thus mitigating the effect of partial sampling of the rest of the prostate.
Salem et al 19 compared pathologic findings of a technique similar to method 2 in 525 radical prostatectomy patients with those of a whole mount, which was performed in 608 men with similar preoperative characteristics. The whole-mount technique used in this study included sectioning of the prostate at 4 to 5 mm intervals. The authors did not find statistically significant differences between the whole mount and partial sampling groups in detecting PMs, EPEs, and most other variables and concluded that both techniques yield similar pathologic information. It should be noted, however, that the whole-mount technique used by Salem and colleagues resulted in examination of somewhat less prostate tissue compared with our total sampling method. Thus, as the sampling techniques used were different, the results from Salem and colleagues are of limited relevance in the context of our analysis.
Our study is limited by its retrospective design and by its focus on a single surgeon's series. As our cohort included only patients who underwent open prostatectomy, our findings may not be directly applicable to men who were treated by robotic prostatectomy. We compared only partial sampling techniques, which could be simulated using the results of standardized total submission, although most of the practical methods of partial sampling are likely to be based on this technique. The study is also limited in that it did not analyze the effect of partial sampling on the detection of other predictors of prognosis. These include Gleason score, tertiary Gleason pattern, and tumor volume, as well as certain characteristics of the studied pathologic features, which could be associated with biochemical outcomes, such as focality of PM and EPE, their extent, location, and the Gleason score at PM.
It might be emphasized that many patients with either a PM or an EPE do not have a biochemical recurrence. The presence of a tumor at the inked margin suggests that there is a tumor remaining in the periprostatic tissue, but because of the contiguous structures this may not be the case. This is particularly true for the apex as the anterior capsule is often incised or exposed during the surgery and thus tumor cells may be exposed to the ink; however, this does not imply that any cells are remaining in the patient.
In conclusion, all of the studied methods of partial prostatectomy specimen sampling missed some of the PMs and EPEs. The best results were demonstrated by method 3, originally described by Sehdev et al. 6 This can largely be attributed to the fact that this technique included examination of all of the posterior slides and also anterior slides in patients with anterior tumors of substantial size. This minimized, but not completely eliminated, the possibility of missing the studied adverse pathologic characteristics. Slightly more PMs and EPEs were missed in patients with low-risk to intermediate-risk prostate cancer, although even in high-risk patients none of the methods detected all of the studied features. However, the clinical importance of these differences between sampling techniques remains to be established. 
